Benign paroxysmal positional vertigo (BppV) is the most common cause of peripheral vertigo, which results from dislodged vestibular otoliths. Because the otoliths are mainly composed of calcium carbonate, it has been suggested that BppV may be associated with osteoporosis. We aimed to assess the incidence and recurrence of BppV in osteoporosis patients using a nationwide population-based cohort study with matched control. We used the database of the National Health Insurance service of Korea, a universal system covering all 50 million Koreans. 1.15, 95% CI 1.02-1.28) . In multivariate analysis, osteoporosis, female gender (adjusted HR = 1.76), age <65 (adjusted HR = 0.8), living in a metropolis, earning more than the lowest income and hypertension were significantly associated with increased risk of BPPV development. For recurrence, osteoporosis was the only meaningful risk factor (adjusted HR = 1.12). In conclusion, the risks of BPPV development and recurrence are higher in osteoporosis. physicians might consider informing osteoporosis patients of the risk of developing BppV and related falls.
As both osteoporosis and the detachment of otoliths causing BPPV are related to calcium homeostasis, an association between osteoporosis and BPPV has been suggested. Vibert et al. , in a study of 32 women with BPPV, reported that elderly patients with BPPV had a significantly lower T-score on bone mineral density (BMD) 4 . Yamanaka et al., in a case-control study of 61 BPPV patients, found that the incidence of osteoporosis in BPPV patients was similar to that in the general population, whereas the incidence of recurrence was significantly higher in the osteoporosis patients 7 . They also reported that the lower the BMD, the higher the frequency of BPPV recurrence 7 . However, a case-control study of 78 BPPV patients and same number of controls concluded that osteoporosis and vitamin D deficiency were not risk factors for BPPV 3 and concluded that the coexistence of BPPV with osteoporosis and vitamin D deficiency was coincidental 3 . As mentioned above, most previous studies examined the incidence of osteoporosis or vitamin D deficiency in BPPV patients. In the present study, on the other hand, the question posed was whether the risk of BPPV was higher in osteoporotic patients. Considering that dizzy patients have an increased risk of falling and osteoporosis-related fractures, this was a question that needed to be answered when considering the relationship between osteoporosis and BPPV.
To answer this question, a population-based retrospective cohort study was designed. The National Health Insurance System (NHIS) of Korea is a universal nationwide coverage system insuring the entire Korean population, whose medical data is officially managed. Using this extensive medical database, a nationwide retrospective cohort study was performed to evaluate the development and recurrence of BPPV in an osteoporosis cohort.
Materials and Methods
study setting and population. The NHIS of Korea has insured all Koreans since 1989. The information related to medical care is maintained in the NHIS database, which is available for research purposes with formal approval 8 . This study used the National Health Information Database (NHIS-2018-1-230) for medical information since January 2002. The diagnostic classifications followed the 10 th revision of the International Statistical Classification of Diseases and Related Health Problems (ICD-10). The authors declare no conflict of interest with the NHIS.
This investigation was approved by the local ethics review board (Hanyang University Guri Hospital Institutional Review Board, GURI 2018-03-012) and performed in accordance with the Declaration of Helsinki and good clinical practice guidelines. study design. A retrospective cohort study was designed (Fig. 1) . The cohort group was selected for 3 years of index period from January 2004 to December 2006. During the following observation period from January 2007 to December 2016, the risks of development and recurrence of BPPV were analyzed. As shown in Fig. 2 , previously diagnosed osteoporotic patients during the pre-index period, before the index period, and people with any preexisting dizziness-related diagnosis before the observational period were excluded from the initial NHIS population. The patients newly diagnosed with osteoporosis during the index period were selected as the osteoporosis (OSPO) cohort. The control group (N-OSPO) was selected from the population that never received osteoporosis-related medical care during the entire study period from January 2002 to December 2016. Each www.nature.com/scientificreports www.nature.com/scientificreports/ osteoporotic patient was matched 1:1 with a non-osteoporotic subject for gender, age, hypertension, diabetes, income, and urbanization level.
Operational definitions of osteoporosis and BPPV. Osteoporosis was defined as patients with the diagnostic code of "osteoporosis" (M80-82) in ICD -10 who used medical services three times or more and underwent a diagnostic BMD tests such as dual-energy X-ray absorptiometry (DXA), quantitative computed tomography, peripheral DXA, or quantitative ultrasound.
BPPV patients were defined as subjects who received the canalith repositioning treatment with the ICD codes of dizziness [benign paroxysmal positional vertigo (H811), other peripheral vertigo (H813), other disorder of vestibular function (H818, H819), or dizziness and giddiness (R42)]. Recurrence of BPPV was defined as a repeated episode more than 90 days after repositioning treatment. Subjects diagnosed with other inner ear diseases at any point during the study period were excluded from the analysis. These diseases were: Meniere's disease (H81), Vestibular Neuritis (H812), Labyrinthitis (H83), Labyrinthine dysfunction (H832), Sudden idiopathic hearing loss (H912), Disorder of acoustic nerve (H933), Disorders of vestibular function (H81), and Neoplasm of internal auditory canal (C724, D333). In addition, post-traumatic BPPV was not enrolled, by excluding patients who suffered from BPPV within 30 days of head trauma (S00-S09). statistical analysis. Data were analyzed with the use of SAS Enterprise Guide software version 7.1 (SAS Institute, Inc., Cary, NC). The demographic characteristics of the study population are presented as percentages for categorical variables, and means and standard deviations for continuous variables. Incidence rates (IR) per 1,000 person-years were calculated with 95% confidence intervals. Ratios of IR (IRR) for BPPV occurrence and recurrence were calculated in the OSPO cohort relative to the N-OSPO group. A Cox proportional hazards regression model was used to analyze the risk of BPPV (Hazard ratio, HR), and Kaplan-Meier curves were plotted of the cumulative incidence of BPPV in each cohort. P values < 0.05 were considered to indicate statistical significance.
Results
Demographic characteristics of the study population. During the index period, a total of 177,797 patients completed the BMD tests and visited clinics three or more times under a diagnosis of osteoporosis (Fig. 2) . The control cohort consisted of subjects matched 1:1 with the OSPO group for age, sex, comorbidity and socioeconomic status. Table 1 shows the demographic characteristics of the cohort groups. The average follow-up periods in the two groups were 8.8 years and 8.7 years, respectively. Women accounted for 91.2% of the total study population and the mean age was 64.5 years.
Incidence of BppV development. In the OSPO cohort, 4964 patients developed BPPV during the observation period (Tables 1, 2 ). The overall IR of BPPV in OSPO was 31.6 per 1000 persons, 1.75 times higher than that in N-OSPO (18.1 per 1000 persons) (P < 0.001) ( Table 2 ). In both OSPO and N-OSPO, the IR was higher in women than men: 32.7 vs 18.2/1000 in OSPO, 18.6 vs 12.6/1000 subjects in N-OSPO, respectively. In women, BPPV occurred in 2.9% of the OSPO population and 1.6% of the N-OSPO (IRR 1.76, 95% CI 1.68-1.85, P < 0.001). In men, BPPV was observed in 1.3% of the OSPO population and 1.0% of the N-OSPO (IRR 1.44, 95% CI 1.17-1.77, P = 0.005). The reverse Kaplan-Meier curves in Fig. 3A illustrate the occurrence of BPPV in each cohort (Crude HR 1.75, 95% CI 1.67-1.83, P < 0.001).
Incidence of BppV recurrence. The IR of recurrent BPPV in OSPO was 187.3 per 1000 persons, which was 1.15 times higher than that of N-OSPO (163.5 persons per 1000 persons) (P < 0.021) ( Table 3 ). In women, BPPV recurred in 17.7% of OSPO patients and 15.8% in N-OSPO patients (IRR 1.13, 95% CI 1.01-1.28, P = 0.036). In men, the IRR of recurrence did not differ between cases and controls: 16.9% in OSPO, 12.6% in N-OSPO (IRR 1.43, 95% CI 0.82-2.48, P = 0.206). For patients aged 65 years or over, the incidence of recurrent BPPV was higher in the OSPO cohort (IRR 1.23, 95% CI 1.02-1.48). Figure 3B shows the cumulative incidence of recurrent BPPV in each cohort (Crude HR 1.12, 95% CI 0.998-1.26, P = 0.053). www.nature.com/scientificreports www.nature.com/scientificreports/ Risk factors for BppV. In a multivariable analysis of the whole cohort, presence of osteoporosis, female gender, age under 65 years, earning more than the lowest income, living in a metropolis and having hypertension were risk factors for development of BPPV (Table 4 ). The adjusted HR for female gender (1.76, 95% CI 1.68-1.84) was higher than that for osteoporosis (1.54, 95% CI 1.38-1.70). For BPPV recurrence, presence of osteoporosis (adjusted HR = 1.12, 95% CI 1.001-1.26) was a significant risk factor in the whole cohort (Table 4) .
Discussion
This study evaluated the significance of osteoporosis as a risk factor for BBPV development and recurrence using nationwide medical data. The findings can be summarized as follows: (1) Osteoporosis patients had a 1.75 times higher risk of developing BPPV than individuals without osteoporosis. (2) The IRR of BPPV recurrence was 1.15, indicating an increased risk of recurrence of BPPV in patients with osteoporosis. (3) The adjusted HRs of osteoporosis for the development and recurrence of BPPV were 1.76 (95% CI 1.68-1.84) and 1.12 (95% CI 1.001-1.26), respectively. To the best of our knowledge, the present study is the first to assess the risk of BPPV and its recurrence in osteoporosis patients using the nationwide population data bank. The results support a positive association between BPPV and osteoporosis.
Otoliths are physiologically contained within the gravity receptor organs of the inner ear. The development, maintenance and degeneration of otoliths are dynamic processes occurring over a lifetime 4 . Dislodged otoliths may travel to the endolymphatic space of the inner ear and enter the SSCs that are responsible for rotational sense. Once in the canals, the otoliths (canaliths) exaggerate endolymphatic flow in response to head rotation, which leads to a spinning sensation. Diagnosis of BPPV can be made on the basis of typical canal-specific positional nystagmus with subjective dizziness 9 . Repositioning of the otoliths from the SCCs to the vestibule is the treatment of choice, and also further supports the diagnosis. Epidemiologic studies show that the prevalence of BPPV is higher in elderly people aged 50-60 years, and the female to male ratio is reported to be 2-3:1 2, 3 . Based on the female predominance and possible effect of calcium metabolism on BPPV, there has been much interest in the relationship between BPPV and osteoporosis. A prospective case-control study with 209 subjects found that idiopathic BPPV patients had lower BMDs than controls. In addition, BPPV accompanied by low BMD required more canalith repositioning maneuvers and led to frequent recurrence 10 . Studies of an osteoporotic rat model showed that the www.nature.com/scientificreports www.nature.com/scientificreports/ density and size of otoliths were different in osteoporotic rats than in the controls 11 and the authors of that study suggested that these morphological changes might be the consequences of abnormal calcium metabolism related to underlying osteoporosis 11 . However, a systematic review of the relevant literature from 1966 to 2013 concluded that the evidence supporting a possible link between osteoporosis and BPPV was not strong, and the authors noted that further studies were needed to confirm the link 12 .
Another nationwide population-based study analyzing 6649 osteoporotic patients was published during the processing period of the present study. Patients with osteoporosis were found to have a 1.82-fold higher risk of developing BPPV than subjects without osteoporosis, which is similar to our result 13 . However, gender was not found to be a significant risk factor in that study 13 . We used stricter criteria for BPPV, involving not only the diagnostic code but also canalith repositioning therapy and excluding post-traumatic BPPV caused by mechanical damage to the otolith organ. In addition, along with the use of a larger cohort of 177,797 individuals, matching of the control cohort was more accurately performed by considering sociodemographic factors. In addition, we also evaluated the risk of BPPV recurrence in our study. Based on our results, female patients with osteoporosis have a higher risk of developing BPPV (HR 1.54) than males.
It has been reported that the age of peak BPPV incidence is 50-60 years 3 , which is compatible with our data (Tables 2 and 3 ). Especially in the OSPO cohort, age <65 years was a risk factor for developing BPPV. As to why BPPV is less prevalent over the ages of peak prevalence of osteoporosis, there are several possible explanations. One is that patients over 70 with BPPV frequently experience unsteadiness or imbalance without whirling vertigo and take longer to seek help with their dizziness 14 . This atypical presentation in the elderly may result in less diagnosis of BPPV. Another possible explanation is based on the report that BMD remains nearly constant until the 4th decade and starts to decline rapidly from the 5th decade 15 : the changes related to the rapid decline of BMD may also contribute to otolith detachment followed by BPPV occurrence.
Osteoporosis (n = 177,797)
Non-osteoporosis (n = 177,797) Table 2 . The incidence rate (IR) and incidence rate ratio (IRR) of BPPV development in the study cohort. † IR: incidence rate (per 1000 persons). ‡ IRR: incidence rate ratio (per 1000 persons). Statistically significant (P < 0.05) values are highlighted in bold. www.nature.com/scientificreports www.nature.com/scientificreports/ Socioeconomic factors including the household income and urbanization level of individuals were also considered in this study. People who did not earn the lowest level of income and who lived in cities had higher rates of BPPV, which can be explained by the accessibility of medical assistance.
In multivariate analysis, hypertension was a risk factor for BPPV (adjusted HR = 1.13), as shown in Table 4 . In view of the previous epidemiologic evidence that low dietary calcium intake significantly increases blood pressure 9, 16, 17 , this result could be understood as an effect of calcium homeostasis: theoretically a negative calcium balance could affect osteoporosis, hypertension and the otolith environment responsible for BPPV. An association between osteoporosis and hypertension was previously reported in postmenopausal women 18 . Those authors suggested that low dairy calcium intake might increase the risk of both diseases, acting as a possible pathogenic link 18 . Interestingly, osteoporosis was the only meaningful risk factor for recurrent BPPV (adjusted HR = 1.12) ( Table 4 ). Other factors including gender, age and coexistence of hypertension did not have significant effects. Although its HR for recurrence was lower than for BPPV development, osteoporosis had an independent effect on recurrence (Table 4 , Fig. 3 ).
Osteoporosis (n = 4,964)
Non-osteoporosis (n = 2,801) Table 3 . The incidence rate (IR) and incidence rate ratio (IRR) of BPPV recurrence in the study cohort. † IR: incidence rate (per 1000 persons). ‡ IRR: incidence rate ratio (per 1000 persons). Statistically significant (P < 0.05) values are highlighted in bold. www.nature.com/scientificreports www.nature.com/scientificreports/ In South Korea, the medical insurance system was first implemented in 1977 and then expanded to all citizens in 1989. The NHIS of Korea is a single-payer program for the whole nation. In December 2016, 50.763 million (97.1%) of the 52.273 million people covered by the NHIS and another 1.51 million (2.9%), who belong to the lowest income group, were covered by medical aid financed through taxation. In other words, the entire registered Korean population is insured, and the data related to medical care is maintained in the NHIS database. During the 3-year index period of this study, a total of 177,797 osteoporotic patients were newly diagnosed among 42.201 million adult individuals. We used the operational approach of identifying the disease by means of the diagnostic codes (ICD-10) along with the specific examination (BMD) or treatment (canalith repositioning therapy) performed.
This study has several limitations mostly related to the characteristics of the NHIS data, as they do not include laboratory results such as DXA or nystagmography. Because preliminary diagnoses made before performing the laboratory tests have to be excluded, the operational criteria used for diagnosis had to be carefully selected to provide confirmatory diagnoses. Patients had to fulfill three criteria to be diagnosed as osteoporotic: they had to be assigned the appropriate diagnostic code, they had to undergo a diagnostic BMD test, and they had to have used medical services three or more times under the diagnostic code. For the diagnosis of BPPV, patients had to undergo canalith repositioning treatment. Also, to minimize biases, patients that were osteoporotic or dizzy in the pre-index period were strictly excluded (Figs 1 and 2) . We note also that no individuals in the control cohort were affected by osteoporosis during the entire study period. Other limitations are that the severity of osteoporosis as indicated by T or Z scores, as well as treatment compliance, could not be assessed in this study. We anticipate that future studies employing prospective cohorts will provide further detailed insight into the relation between osteoporosis and BPPV.
Osteoporosis-related fractures may lead to a reduced quality of life, disability, and even death. Moreover, the direct and indirect medical costs of osteoporosis and its related fractures are massive 19 . Management of osteoporosis is an important issue in primary health care in order to minimize the development of fractures and decrease the social burden. As the present study shows, patients with osteoporosis also have higher risk of BPPV development and recurrence. Healthcare providers should consider implementing effective educational interventions about BPPV for osteoporotic patients since the latter, especially those that are elderly, may have a greater tendency to suffer falls 20 .
Conclusions
Osteoporosis patients have higher risks of BPPV occurrence and recurrence. Medical counseling concerning BPPV should be considered for individuals with osteoporosis.
